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1. Introduction 


The idea of fuzzy sets was first proposed by (Zadeh.1965). As an extension of it, 
(Atanassov.1986)introduced intuitionistic fuzzy set, where a degree of non-membership was considered besides 
the degree of membership of each element with (membership value + non-membership value) < 1. After that 
several generalizations such as, rough sets, vague sets, interval-valued sets etc. are considered as mathematical 
tools for dealing with uncertainties. (Smarandache.2005) introduced Neutrosophic set in which he introduced the 
indeterminacy to intuitionistic fuzzy sets. There are also several authors who have enriched the theory of 
neutrosophic sets. 


(Elavarasan, Balasubramanian; FlorentinSmarandache; and Young Bae Jun.1990) introduced the 
Neutrosophic ideals in semigroups and investigated several properties. Based on an equivalence relation, (Dubois 
and Prade.1990) introduced the lower and upper approximations of fuzzy sets in a Pawlak approximation space 
to obtain an extended notion called rough fuzzy sets. The notions of rough prime ideals and rough fuzzy prime 
ideals in semigroup are introduced by (Xiao.Q. M, Zhang.Z.L,(2006) ).Jayanta Ghosh, Samanta.2012) 
introduces the concept of Rough intuitionistic fuzzy ideals in semigroups. It motivates us to define the notion of 
rough neutrosophic in semigroup. 


In this paper, the notion of rough neutrosophic ideals in semigroups is introduced and several properties are 
investigated. 


2. Preliminaries 


This paper recalls the concepts of neutrosophic ideals in a semigroup and in previous versions of this paper 
(Elavarasan, Balasubramanian; FlorentinSmarandache; and Young Bae Jun. (2019),JayantaGhosh, T. K. 
Samanta. (2012Kuroki.N(1997)) some simple definitions are presented. 


3. Rough neutrosophic subsets in a semigroup 


In this section we establish some results dealing with rough neutrosophic subsets in a semigroup.It should be 


noted that throughout this section ¢ denote the congruence relation on S G: 
Definition 3.1: 
Let ¢ be acongruence relation on S,, , such that (m,n) € € => (mx,nx) € ¢,(xm, xn) €¢,Vx Ee So. 
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Consider [m], as a ¢ congruence class containing the element meS, . For € on Sg ; 


[m]-[n]- <[mn]-Vm,neS,. $ onSg is complete if [m],[n]- =[mn]-Vm,n € Sq. 


we have 


Let K be a NSof So . Then the NS ((«K)={C(t),¢(@,¢(f)} and C(x) ={¢(t),¢0@),¢(f)} are 


respectively called ¢ lower and ¢ upper approximations of NS. 


Where, 
6 (K)(t)(@) = i OP) 
6 (x) (i)(@) = me Py) 
SONA) =v, (F(R) 
CONN(G) =v (PY) 
SUNDA) = A, GD) 
CMSA) = A, (FCP) 
VaEeS, 
For a NSof S,. (i) =(€(«),¢(K)) is called RNS with respect to ¢ if C(K) #C(K) . 


Theorem 3.2 : 


Let ¢ and ¢' be any two congruence relations on S¢ . If M and N are any two NS of Nye ; 


thefollowing holds: 
(i)S(M) CM <¢(M) 
(ii)S(¢(M)) = S(M) 
(iii) (€(M)) = €(M) 
(iv)S(€(M)) = ¢(M) 
(v)S(¢(M)) = ¢(M) 
(vi)(¢(M*))° = ¢(M) 
(vii)(¢(M*))° = €(M) 
(viii)¢ (MN) = €(M)NE(N) 
(ix) (MMN) co(M)NC(N) 
(x)¢(MUN)=¢(M)UG(N) 
(xi)¢(MUN) 2 ¢(M)UC(N) 
(xii)M CN => €(M) <G(N) 
(xiii)M CN > €(M) cG(N) 
(xiv)G <6 > §(M) 2g (M) 


(wg c= S(M) cE (M) 
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Proof: 
The Proof is obvious. 


Theorem 3.3: 

If M and N be any two NS of S,, then ¢(M) ° C(N) Cc ¢(M oN). 

Proof: 

Let M and N be any two NS of S, .Then, 
&(M)°G(N) ={16(M(1)) oS (NO)LIS (MM) e F(NM)LIS(M(P)) ° SONG 
and 
&(MeN) ={[F(M@)oN@))]L[S(M@ eo N@)I ISM) oN) 

To prove, 
6 (M)°g(N) <¢ (MeN) 

For this we need to prove, 


VaeS, 


(S(M(t)) of (N(t)) (a) < € (M(t) o N(t))() 

(E(M(i)) oS (N(i)))(a) = S(M(i) o N()() 

(S(M(f))o(N(f)))(a) = S(M(f) oN(f))(@) 
Consider 


(EMM) (NOMA) =v, [EMO ACN 


=e ; (M(t)(x)) A Soo y)] 


aol ing MOON (H(y))] 


Mol Yon, MOC NOOD 


= Yi MO@ANOO)) 


Oe) AN()(y)) 


IA 


V 
zela 


Z=xy 


=v v (M(t\(x)A N(t)(y)) 


zeae z=x+y 
= a ee) oN(t)](z) 
= (M(t) °N(0))(z) 
And 


(CMM eNOMA)= A MOB ACN 
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Ly Db MOOV Ca NOW 


x Le OO) VN@(y))] 


yel7 lz 


AT A (MM a)vN@OW)] 


a=py x+yel Pr lz 


Ry MOG) v N(i)(y)) 


A MWB) NOY 


z=xy 


A A (M(@)(x) Vv N@(y) 


cela], Z=x+y 


hy IMO eNOI®) 


IV 


= €(M(i)° N(i))(z) 


Also 


(CM(P) NAIM) =A FMP VB) ASN 


=A ICA Mey ANION! 


a=py xelB), 


= colada, MUP KAY NOVO) 


AT A MMAYVNAO)] 


a=By xtyel By), 


A (Ma) NAO) 


xyela |, 
DMD Y NAO 


A A MDC) Y NAO) 


cela], Z=Xx 


IV 


ff MeN 
=f(M(f)oN(f)(z) 


Hence Proved. 
By the same arguments we prove the following theorem. 


Theorem 3.4: 


If M and N be any two NS of S;,,, then €(M)°¢(N) CG(MoN). 
4. Rough Neutrosophic ideals in a Semigroup 


In this section rough neutrosophic subsemigroup (RNSSG)andrough neutrosophic ideals(RNI) in Se are 


introduced and related theorems are proved. 
Definition 4.1: 
ANS «kof Sg is said to be an upper (lower) (RNSSG)of S, , if C(K\(C(K)) is a (NSSG) of S, .ANSK 
is called a RNSSG of S, if it is both upper and lower RNSSG of S, . 
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Theorem 4.2: 
If « isa NSSGof S, , then « is an upper RNSSG of S,. 
Proof: 


Let K be a NSSG of De ,a,be ie . Then 
Cx(\ab)= Vv K(NH(C) 
ce[xy], 


2 OOS 3 OO =: 2Y aR AROO)! 


celx] Lyle xyelx] Ly] Lrle[ 
= ¥, KOM vy, KOO) 
Ex(t)\(ab) = EK(t\(a) A EK(t\(b) 
And 


Cx((ab)= A KC) 


S A K@OO= A KM@ays A [KMOQVKOO)] 


celxle Lyle ayelxl- Ly] celxleLy le 
= A KOWY A KOO) 
Ex(i\(ab) = Ex(i)(a) v Ex(i)(b) 
Also 


Cx(fyab)= A KFC) 
< Ay KNO= A, KN@OIS A KAOVKAO) 


cell [y le yelxl Lyle xl 
=A K(f\@v a K(f) 
celx]¢ cel ye 


Cx(f ab) = Cx f la) v Cx f(b) 
This implies (xk) is an NSSG of S,, and hence, « is an upper RNSSG of S,. 
By the same arguments we prove the following theorem. 
Theorem 4.3: 
If « isa NSSGof S,, then « is an lower RNSSG of Sg. 
Definition 4.4: 
A NS x of S$ g is said to be an upper (lower) rough Neutrosophic left (right, two sided) ideal 


RNLI(RNRLRNTI of S¢, if AC a4 (x)) is a Neutrosophic left(right,two sided) ideal NLI(NRI,NTI) of S, 
respectively. 


Theorem 4.5: 
If cis a NLI(NRI,NTDof S g> then «& is an upper RNLI(RNRI,RNTD of So : 


Proof: 
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Let «be a neutrosophic left ideal of S$ g and a,bes g~ Then 
CK(\(ab)= Vv KOC) 
celxy le 


> v xKt(d= v__ K(t\(xy)= Y yy KOO) 


celal Lyle ayelx]e Lyle celal Lyle 


= Vv k(t)(y) 


yelyle 


= €K(t)(b) 
And 


Cx(iab)= A K(I(C) 


< A K(I(C) = A K(i)(xy)S A K(i)(y) 


celx]e [yg elx]¢[ eelx]e ly |g 


= A K(i)(y) 


yelyl, 
= £K(i\(b) 
Also 


Ca(fab)= A «(fVO) 


<A, ROW= A KNGYS A KAO) 


cela] [yy 


= a K(f )(y) 
= CK«(f \(b) 


elxle[ 


This implies (xk) is an NLI(NRILNTDof So and hence, AK is an upper RNLI(RNRI,RNTD of SG ; 


By the same arguments we prove the following theorem. 


Theorem 4.6: 


If Kis a NLI(NRLNT)of S g> then «Kis an RNLI(RNRLRNTD of Re ‘ 


Definition 4.7: 


A NSSG<« of Sg is said to be an upper(lower) rough neutrosophic bi-ideal (RNBI) of Sg, if C(k)\(C(k)) 


is a neutrosophic bi-ideal (NBI) of S G: 
Theorem 4.8: 
If«K is a NBlof Se , then K is an upper RNBI of So : 


Proof: 


Let «K be the NBI of S. Then 
Va,B,xeS, 
Cx(NaxB)= Vv KONE ov OW) 


veal, [x], [Ble 
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ade tp K(t)(a) AKO) 


= Vv K(t)(a)AK(t)(b)= v K(t\(ayan v_ K(t)(b) 
acla], bel A], acela]; bel Bl; 


= CK(t(a) a Fx(t\(B) 

Similarly we can prove 

Va, B,xES, 

Ki axB) < Cx((a)V CK) 
K(f (axB) <ox(f a) v Sef B) 


Therefore, Kis an upper RNBIof S G: 


V 
aela], selx], bel A], 


By the same arguments we prove the following theorem. 


Theorem 4.9: 

Ifa isa NBlof S, , then « is an lower RNBI of S,. 
Theorem 4.10: 

If Mand N are any two NRI and NLI of S,, respectively, then C(MoN) < C(M)OC(N) 

Proof: 

Let M and N are any two NRI and NLI of S,, respectively 

Then 

C(MON) ={1S(M(N NW) [SMG oN@)LIC(M(f) NCA) 

SM) NSN) = {IS(MM) NE(NOILEMO) NENW) LEMP NENG 

To Prove, ((MoN) C¢(M)AZ(N). 

For this we need to prove, 


VaeS, 


(S(M(t)) oS (N(t)) (@) $ SM NN(D)(@) 
(E(M(i)) oS (N(i)))(@) = S(M() N N@)(@) 
((M(f)) oS (N(f)))(a) = S(M(f) ANC P)V(@) 


($(M(a)) °(N(1)))(@) = pov LM @) NONI 
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xe[a@ ie 


_YIMOB ANON! 
YLMOEN (NOMI 


=v (MO) A(N(t)(x))] 


xel[a 


< 


yel 


v gh MOC ANOO)) 


xe[la o> 


=( V 
xe[a] 


(MOG) aC vy NOON! 


= EM(t)(x) A EN(1)(x) 

=[EM(1)NEN(1)](x) 

Similarly we can prove 

(E(M(i)) oS (ND) (a) = EMM NNW)@) 
(E(M(f))° SNCF) (@) = F(M(PINNCP)M@) 


Hence proved. 


By the same arguments we prove the following theorem. 


Theorem 4.11: 


If M and N are any two NRI and NLIof S,, respectively, then (Mo N) CG (M) O(N) 


5.Conclusion 


In this paper, we have introduced rough Neutrosophic left(right, two sided,bi-)ideals and some properties of 
these ideals. This concept can be extended in other algebraic structures such as Gamma-semigroups, Ordered 
semigroups, This study can be used in some real life applications namely decision making, medical diagnosis, 
multi attribute decision making etc., 
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